There is widespread agreement that climate change is a serious problem. If we fail to regulate greenhouse gases that contribute to global warming, or to use alternative strategies for addressing the problem, the damages could be significant, and perhaps catastrophic. Doing nothing to address climate change could result in a loss of almost three percent of world output in 2100 and eight percent in 2200. 1 The problem of climate change has many features that make it difficult to address. Greenhouse gas emissions do not respect national boundaries. The public good nature of this problem means that each country has an incentive to free ride on the efforts of others, and that widespread cooperation among countries will eventually be needed if we are to make headway on limiting global emissions. It will matter little, for example, if the United States drastically reduces its greenhouse gas emissions if China, India, and the rest of the developing world do not eventually follow suit.
2 Making matters worse, the impacts are likely to vary substantially across countries and regions. 3 The conflict of interests does not only occur between countries, but between generations as well. Many costs of mitigation will be incurred in the near term, while the full benefits of reduced climate change are not likely to be significant for many decades. Furthermore, if mitigation proceeds, it is 1 WILLIAM NORDHAUS, A QUESTION OF BALANCE: WEIGHING THE OPTIONS ON GLOBAL WARMING POLICIES 13-14 (2008) . This estimated loss includes only damages caused by temperature changes -greenhouse gas-emitting activities such as coal burning also produce health damages associated with local air pollution from soot and sulfur dioxide, which cost China as much as 3.8% of GDP in 2003. THE WORLD BANK & STATE ENVTL. PROT. ADMIN., P. R. CHINA, COST OF POLLUTION IN CHINA: ECONOMIC ESTIMATES OF PHYSICAL DAMAGES, at xiii (2007) , available at http://go.worldbank.org/FFCJVBTP40.
2 Developed nations recognize the problem of gaining widespread participation. In the G8 summit on July 8, 2008, they stated for the first time that developing nations would have to be included in any future climate change treaties. The G8 nations committed to cutting their greenhouse gas emissions in half by 2050, but the agreement was short on details, such as the baseline year from which reductions would be achieved and how they would be achieved. This was the first time that President George W. Bush backed an explicit target for reducing greenhouse gas emissions. The countries present at the annual summit included the United States, Britain, Canada, France, Germany, Italy, Japan, and Russia. Sheryl Gay Stolberg, Richest Nations Pledge to Halve Greenhouse Gas, N.Y. TIMES, July 9, 2008, at A1. 3 The costs and benefits of climate change for specific countries will vary. Richer, highemitting countries such as the United States may find it relatively easy to adapt to climate change, whereas some developing countries, which release relatively small amounts of emissions, will be "the real victims of climate change. likely to involve regulation of a vast array of different sources and entities. 4 Finally, even with an international consensus, choosing the right policy path may be difficult because the climate change problem is subject to significant uncertainties -projections of greenhouse gas emissions growth from a decade ago are already out of date because of surprisingly rapid economic growth in India and China. 5 Although climate change is a difficult problem to address, policymakers in developed countries are likely to be forced to pay more attention to the issue as the public becomes more concerned. Europe is already setting new emissions targets for 2020, 6 while U.S. President Obama has pledged to reduce emissions by eighty percent below 1990 levels by 2050. 7 To date, there has been little progress in reducing greenhouse gas emissions, notwithstanding efforts by a number of countries. Between 1990 and 2005, worldwide emissions of carbon dioxide, a primary greenhouse gas, increased by thirty-two percent, with marked increases occurring in most major countries and regions. 8 This lack of progress raises the critical question of what we should do about climate change. There is no single right answer to this question. In part, the answer should depend on the likely benefits and costs of taking various feasible actions. Unfortunately, there is also widespread uncertainty, and disagreement over what the net benefits of various policy measures will be, as well as what may be feasible.
In this Essay, I will argue that even if one believes climate change is a serious problem (as I do), the range of effective options to address this problem is likely to be quite limited for the foreseeable future. Notwithstanding eloquent pleas for substantial emission reductions by leading proponents of 4 This is an important difference between the climate change problem and the stratospheric ozone problem, which involved a relatively small number of producers. For a comparison of the two issues, see SCOTT 'Y 377 (2008) . In addition, scientists are still debating a number of important issues, such as whether carbon sinks will be able to soak up more or less carbon dioxide as the temperature increases. More recent evidence suggests that the latter is more likely. See Joseph G. Canadell et al., Contributions to Accelerating Atmospheric CO 2 Growth from Economic Activity, Carbon Intensity, and Efficiency of Natural Sinks, 104 PROC. NAT'L ACAD. SCI. 18,866 (2007) . Therefore, there are major limitations to our ability to predict the effects of a rise in emissions and in atmospheric concentrations of greenhouse gas emissions. 6 The goals include cutting greenhouse gas emissions by twenty percent (relative to 1990 levels), raising the share of renewable energy in the EU energy supply from 8.5% to 20%, and increasing the share of biofuels in the transportation energy supply to ten percent. action such as former U.S. Vice President Al Gore, we are not likely to see dramatic reductions in global net emissions for some time, at least for a decade or more. We will see efforts to move in that direction at the local, national, and international level. But we will not likely see significant results, at least in terms of global emission reductions. The reason is that national leaders appear to lack the political will to achieve significant global emission reductions in a timely manner. Moreover, the institutions and technologies needed to achieve such reductions will take time to develop.
This observation about the politics of climate change does not mean that we should do nothing. The purpose of this Essay is to suggest that we should focus on what is likely to be sensible and doable, with the aim of building the institutional capacity needed to act in as efficient a manner as possible. I argue that it makes little sense to try to bring all countries into a binding international agreement to reduce emissions at this time because such agreements are not likely to be workable. It makes sense, instead, for interested countries to take some action now to limit greenhouse gas emissions, including putting a price on emissions that may increase over time. It also makes sense to focus on research and development, including how best to adapt to climate change, improve the cost-effectiveness of mitigation efforts (such as improving carbon capture and storage techniques), and improve our understanding of geoengineering.
9 In addition, countries should continue to experiment with institutions that will be needed to manage a portfolio of solutions for addressing climate change over the longer term. I also note the absence of key political leadership in this area and suggest what is needed.
The paper proceeds as follows: Part II provides a very brief overview of the science and economics of climate change. Part III addresses the politics. Part IV explores how science, economics, and politics should affect the design of policy. Finally, Part V concludes.
II. SCIENCE AND ECONOMICS: A VERY BRIEF OVERVIEW

A. Science
Books have been written about the science of climate change. 10 Here, I simply wish to highlight a few of the key links between greenhouse gas 9 Geoengineering is understood here as modifying the global climate through affecting the amount of heat absorbed and re-radiated by the Earth without changing the amount of greenhouse gases in the atmosphere. Unlike reducing emissions or capturing and storing carbon, which directly address the cause of global warming, geoengineering techniques such as reflecting more sunlight away from the Earth through solar radiation management, address only certain effects of global warming. See Scott Barrett, The Incredible Economics of Geoengineering, 39 ENVTL. RES. ECON. 45, 45-47 (2008) . 10 See, e.g., KERRY EMANUEL, WHAT WE KNOW ABOUT CLIMATE CHANGE (2007) .
emissions, climate change, and resulting damages to the environment, economy, and standards of living worldwide. Human activity produces greenhouse gas ("GHG") emissions, most notably carbon dioxide ("CO 2 "), but also a host of other gases, including methane, nitrous oxide, perfluorocompounds, and hydrofluorocarbons.
11 These emissions accumulate in the atmosphere. The rate of accumulation is affected by the rate at which sinks, such as forests and oceans, remove carbon as part of the carbon cycle. The greenhouse gases in the atmosphere act as a selective barrier -they allow short-wavelength radiation from the sun to reach and be absorbed by the Earth, but they absorb part of the long-wavelength radiation from the Earth and radiate it back.
12 This process causes the Earth to get warmer. Warming then affects climate, which affects humans, other animals, and plants through events such as sea level rise, droughts, and floods. GHG emissions from human activities are expected to grow by twenty-five to ninety percent between 2000 and 2030 if no major policy changes are made. 13 The impacts of climate change are difficult to predict with precision. Scientists believe that global warming will affect ecosystems and human life around the world through changes in sea level and weather. Some impacts are more likely than others -for example, it is "likely" that hurricanes and typhoons will increase in intensity, and "very likely" that the number of hot days and heat waves will increase in most parts of the world. 14 There is a fair amount of consensus on some key points. 15 The first is that average global temperature is rising. 16 A second point is that humans have increased their greenhouse gas emissions significantly relative to preindustrial times -between 1970 and 2004, emissions increased by seventy percent. 17 The third key point is that global warming is caused, in part, by the increase in GHG emissions. Water vapor is also an important greenhouse gas, but in keeping with the Intergovernmental Panel on Climate Change ("IPCC"), we do not include it here. Emanuel notes that global warming will increase the atmospheric concentration of water vapor and reinforce the greenhouse effect. EMANUEL, supra note 10, at 27.
12 EMANUEL at 19-20. 13 IPCC, FOURTH ASSESSMENT REPORT: CLIMATE CHANGE 2007 SYNTHESIS REPORT 44 (2007) [hereinafter FOURTH ASSESSMENT REPORT SYNTHESIS], available at http://www.ipcc. ch/ipccreports/ar4-syr.htm.
14 Id. at 46. The IPCC designates an event as "likely" if the evidence suggests that the probability of occurrence is more than sixty-six percent, and as "very likely" if the probability of occurrence is more than ninety percent. 15 See id. For a very useful assessment of the science that is more accessible, the reader should consult Kerry Emanuel's 2007 book. EMANUEL, supra note 10. 16 Temperature increases are evident throughout the world, especially on land and in the Arctic region. FOURTH ASSESSMENT REPORT SYNTHESIS, supra note 13, at 30. 17 Global annual emissions have grown from 28.7 gigatons (measured in tons of CO 2 -equivalent) in 1970 to 49.0 gigatons in 2004. Id. at 36.
18 Id. at 37.
In short, scientists are confident that humans have increased average global temperatures, and that human impacts probably extend to other aspects of climate, such as changes in wind patterns. 19 Ocean ecosystems are also likely to be affected by ocean acidification caused by chemical reactions between atmospheric carbon dioxide and seawater. 20 Over the long run, impacts from climate change could be quite significant, and they will be felt unevenly across the globe. For example, lowlying countries such as Bangladesh, Singapore, and the Netherlands will be seriously affected by rises in the sea level, and poorer countries will have fewer resources for coastal protection. 21 Within societies, elderly groups are likely to be disproportionately affected 22 because they are more vulnerable to respiratory and other health problems associated with changes in temperature, and may have access to fewer resources for adaptation. 23 Furthermore, we cannot rule out catastrophic scenarios, though less is known about their likelihood. Very unpleasant surprises could include, on a local level, intense heat waves and storms, coastal erosion, widespread forest fires, and on a global level, changes in the Atlantic deepwater circulation and rapid melting of the Greenland and Antarctic ice sheets. 24 In addition, if increases in global average temperature exceed 1.5-2.5°C, between twenty and thirty percent of plant and animal species would be at greater risk of extinction, and "major changes" are expected in ecosystems, biodiversity, and food and water supply. 25 Such scenarios are thought to increase in likelihood as concentrations of GHGs in the atmosphere increase.
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B. Economics
Climate change economics is a subject of considerable controversy within the profession. This should not be surprising given the complexity of the problem. The climate change issue could be with us for centuries. It will require cooperation on a global or at least a transnational level to make 19 Id. at 40. 20 Id. at 52. 21 Near-term rises in sea level, contrary to popular associations with melting ice caps, are likely to be caused to a much greater degree by expanding seawater due to higher ocean temperatures. See id. at 30, 65. There is a lot of uncertainty surrounding whether and how quickly the Greenland and Antarctic ice sheets will eventually melt, but the IPCC supports the claim that the Greenland ice sheet is unlikely to disappear before 2100. 24 FOURTH ASSESSMENT REPORT SYNTHESIS, supra note 13, at 52-53. The IPCC predicted that large abrupt changes in the Atlantic deepwater circulation during the course of the century are "very unlikely," but that it is "very likely" that intense heat waves and storms will become more frequent. Id. at 46, 54.
25 "Likely" increases in extinction risk are predicted with "medium confidence" and changes in ecosystems and biodiversity are predicted with "high confidence." Id. at 48. 26 See id. at 69-70. a significant dent in GHG emissions and concentrations in the atmosphere. There are also considerable scientific, economic, and political uncertainties. Nonetheless, economists agree on a number of ideas. First, it is useful to introduce a cost-benefit framework for thinking about climate change. That does not mean the results of the cost-benefit analyses should be taken as definitive, but rather they should be used to inform policymakers. That is, it is useful to develop strategies that are likely to maximize expected net benefits. It is also important to identify the likely winners and losers from various policies.
Second, the cost-benefit framework strongly suggests that some action to reduce global emissions is worth undertaking now, provided that a large set of countries would eventually agree to limit emissions. If only a few countries are willing to participate, limiting emissions may not be worth it. William Nordhaus estimates that abatement costs will be 250% higher with a participation rate of only fifty percent (consisting of the United States, China, Germany, Russia, and India) compared to a participation rate of 100% because the cheapest opportunities to cut emissions would not be available. 27 If the top fifteen emitters accounting for seventy-five percent of all emissions participate, abatement costs go up by seventy percent as compared to if all countries participate. 28 Economics also suggests that as damage due to global climate change increases over time, more action will be warranted in the future. 29 Third, economists generally agree that, other things equal, it is useful to have mechanisms that put an explicit price on greenhouse gases, most notably carbon dioxide. Nordhaus, for example, advocates a global tax of $32 per ton of carbon. 30 Nicholas Stern advocates having a market for emission rights in a large group of countries determine the price. 31 A key advantage of a price is that it provides a signal to the marketplace that governments are serious about limiting GHGs and that there is a positive payoff to innovation, at least in the short term. Another advantage of a uniform price is that it encourages the reduction of emissions at a lower cost than other regulatory approaches, such as mandatory standards, because the cheapest forms of emissions control would tend to be used first. In addition, a single price can promote more cost-effective innovation. 27 Fourth, economists generally believe that there is an important role for government-supported research and development ("R&D") in improving our understanding of climate change issues and our ability to address them. 32 R&D expenditures should not only target mitigation efforts, but also increase our understanding of climate change and help identify cost-effective methods for adaptation. 33 The economics community is divided on a number of important issues, however. For example, some argue that the discount rate, the social tradeoff between present and future consumption, should be relatively low in order to place more weight on the benefits and costs incurred by future generations. 34 Others argue for a higher discount rate that better reflects market realities. 35 Some suggest that a critical feature of the problem is that there is a nontrivial probability of a big catastrophe in the future, which may mean that more action now is warranted. 36 Others focus on what should be done within a cost-benefit context, even without the specter of such a catastrophe.
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Such disagreements notwithstanding, it is important to recognize that there is a fair amount of consensus on the basic framework for analysis. Economic models generally suggest that taking action now -in a way that promotes innovation and cost-effectiveness -is a good idea.
III. POLITICAL REALITIES OF CLIMATE CHANGE
There is a fundamental problem with the economic models that are typically used. They tend to ignore, or at least gloss over, political realities. There are two very thorny issues that have not received adequate attention in the debate. The first is that the policies that have been adopted to address climate change are likely to be inefficient, and perhaps very inefficient, from an economic perspective. The second is that there is no simple way to get major developing countries, such as India and China, to participate in an agreement. And without their eventual participation, an agreement will be of limited use, and could even be counterproductive.
A. Economic Efficiency in Climate Change Mitigation Is a Mirage
Economists have recognized for some time that climate change agreements are not likely to be economically efficient relative to a situation in 32 To better appreciate the politics, consider the rise in the price of oil from $55 per barrel at the beginning of 2007 to $132 per barrel at the beginning of July 2008. 42 If the interest is in reducing oil consumption and imports, there is an obvious solution -tax it. But politicians are reluctant to advocate additional energy taxes of any kind. Instead, they argue for indirect fixes such as higher fuel economy standards for vehicles and subsidies for renewable energy sources. On the supply side, there are contentious issues about increasing the domestic energy supply even though for some of the areas in question there may be no significant externalities that would make the costs exceed the benefits. 43 Similar problems related to taxation arise elsewhere in environmental policy. Recall that President Clinton tried to introduce a tax on non-renewable energy in 1993, which would have increased energy costs by $508 a year for an average family of four, or about $11 per person a month, and that plan was squelched.
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A review of the course of international climate policy reveals that inefficiencies abound. The Kyoto Protocol provides a good example. The Protocol signatories agreed to reduce emissions in industrialized countries by five percent between 2008 and 2012, but the Protocol requires no emission control from countries that could be very big emitters in the future, such as 38 By efficiency, I mean policies that maximize the discounted present value of expected net benefits. Problems with this objective will be briefly addressed below. See infra Part IV. 39 43 The Arctic National Wildlife Refuge in Alaska may be a notable exception to this if the existence value people give this as a pristine area is high enough. 44 The Clinton Administration estimated that an average family would pay an extra $120 a year in direct taxes and another $200 in indirect costs from businesses (in 1993 dollars). This estimate was disputed as being too low by the American Petroleum Institute. Robert D. China, Brazil, and Indonesia. 45 Furthermore, some major emitters such as the United States and India chose not to sign or ratify. 46 Nordhaus estimates that efforts under this regime, if efficiently carried out, would result in net benefits of $0.16 trillion, but once the likely inefficiencies are considered, net benefits are likely to fall below zero 47 -that is, it may actually be better to do nothing unless Kyoto is viewed as a necessary but costly first step to creating the needed institutional change. On the other hand, an efficient international climate policy is estimated to yield $3.6 trillion in net benefits, 48 but most if not all of these benefits would likely be enjoyed by developing nations. 49 As things stand, a few signatories are already having trouble fulfilling their Kyoto commitments. Greece is officially recognized by the independent Compliance Committee as non-compliant. Canada's record has also come under investigation by the Committee. 50 In addition, the choice of 1990 as the base year for determining emission cuts gives some countries an advantage that may not be available in the future. For example, Russia's economic decline in the 1990s 51 and the "radical" economic restructuring of the former East Germany 52 have made it easy for Russia and Germany to meet the targets.
The United States, which has refused to sign any binding treaty that exempts China and India from emission reduction requirements, has had several climate initiatives at the national and sub-national levels. One example is the Regional Greenhouse Gas Initiative ("RGGI"), in which ten states -including Massachusetts, New Jersey, and New York -participate in a . 47 See NORDHAUS, supra note 1, at 200. 48 Id. A climate policy is efficient if it maximizes the difference between discounted benefits and discounted costs. 49 Cazorla and Toman find that Latin America, China, India, and African countries will gain no matter whether 1) the developed nations unilaterally enforce emission limits, 2) the developing nations limit their emissions based on projected 2020 levels, or 3) developing countries join the emissions allowances system on a per capita basis. In contrast, net benefits are negative for Europe and the United States in every scenario. 54 These different regulatory efforts in the United States are likely to give rise to serious inefficiencies when compared with a market-based national regime aimed at reducing emissions. 55 We should not be surprised, of course, that climate policy is going to be highly inefficient. Energy politics involves very powerful interest groups that may promote very inefficient policies. 56 For example, Bruce Ackerman and William Hassler describe how interest group and regional politics led to expensive scrubbing of coal power plants, more stringent regulation of new sources, and dirtier air. 57 The policy that resulted from the Clean Air Act Amendments of 1977 was much more expensive than a least-cost solution that would have employed a market-based approach, such as a sulfur tax or a market in sulfur dioxide allowances. Many similar issues will come to the fore as climate legislation winds its way through Congress. Substantial reductions in GHG emissions below "business as usual" levels will result in higher electricity bills, especially for areas that use coal as a primary fuel in electricity generation. Like other implicit or explicit energy taxes in the United States, the effective outcome of climate legislation is likely to hit the poor harder because a larger share of their income is spent on the basic necessities, such as heating and cooling. Congress will undoubtedly work to reduce some of these impacts, most likely by sacrificing many of the costeffective aspects of the legislation.
There may also be regional battles related to the expected costs and benefits of different climate policies. One conundrum for U.S. legislators is that some moderate amount of warming is likely to make some parts of the 53 58 It remains to be seen how these regional differences will play out in the political debate. My guess is that the benefits issue may be less important politically than the cost issue, because many of the benefits are more uncertain and will accrue later in time, perhaps decades from now. 59 The energy lobbies are already gearing up for future battles. For example, the coal lobby is asking for economic assistance and highlighting the potential impact on coal jobs; the ethanol lobby is overstating the importance of ethanol as a solution for reducing greenhouse gases; and the oil lobby is highlighting the economy-wide costs of a climate agreement.
60 This is, of course, how things work in a representative democracy. But the upshot of this lobbying will mean that climate policies in the United States will be much less efficient than economists would like.
While the United States could end up with a cap-and-trade scheme with a safety valve or cap on allowance prices, there will likely be plenty of distortions introduced as a result of the influential pleadings of special interest groups. If one doubts that fact, consider the allowance trading emission scheme aimed at reducing acid rain, which was passed in 1990. 61 While academics often point to this trading program as a great success because it saved money while improving the environment (and I like to think so since I helped design it), interest group politics played an important role here as well in preventing the most efficient outcome. There was significant support for a clean coal technology program as part of this legislative deal to address the concerns of high-sulfur coal producers; and new sources are still regulated differently from old sources under the Clean Air Act, even though there is no economic or environmental justification for doing so.
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These political realities are not unique to the United States. Consider the snappy-sounding "20-20-20" proposal that the European Commission has embarked upon. The members plan to reduce greenhouse gas emissions by at least twenty percent by the year 2020 and raise the renewable share of total energy supply to twenty percent (and that of biofuels to ten percent).
63 58 See, e.g., ROBERT MENDELSOHN, THE GREENING OF GLOBAL WARMING 14 (1999). These parts of the United States include higher-latitude regions and areas where agriculture and timber production are significant economic sectors. 59 See Johnston, supra note 3. Additionally, they aim to reduce energy consumption by twenty percent by the same year. 64 As Dieter Helm notes, the "2020 20-20-20 package is necessarily a political one." 65 If there is an economic justification for these programs, it should be spelled out clearly using standard tools of economic analysis. 66 I have suggested that politics will lead to inefficient, perhaps highly inefficient, policies for addressing climate change. Although this claim will not surprise most political scientists and many applied economists, it has important implications for policy that may not be fully appreciated. Economic models that assume policy will be efficient or cost-effective are likely to be off the mark. In particular, other things being equal, we should expect policy costs to be significantly higher than have been estimated. 67 If actual costs are higher than the models estimate, then we should expect fewer policies to pass a cost-benefit test than the models suggest. An important general implication of this insight is that countries should probably be doing less to reduce GHG emissions than they otherwise would do in a first-best world.
68 They should also be investing more resources in adapting to climate change than would be needed in the first-best case.
B. Significant Developing Country Participation Is a Mirage in the Short Term
It is conventional wisdom that developing countries need to be part of any solution to limit greenhouse gas emissions for several reasons. 69 The 69 While countries like China and India are still much lower than the United States in terms of per capita emissions, their aggregate emissions are substantial. In terms of equity, these countries argue that they should not be shouldered with the burdens of the past, because they did not contribute as much to the stock of greenhouse gases. For an examination of equity [Vol. 33 first reason is that they are already significant contributors to the emissions problem. 70 China, which builds approximately two large coal-fired power plants every week, 71 is already the world's leading emitter of CO 2 , followed by the United States.
72 India is the fifth largest emitter, behind Russia and Japan. 73 The gap between United States and Chinese annual emissions is projected to grow rapidly in the next twenty years under a business-as-usual scenario, as Figure 1, The second reason is that there are many opportunities for cost-effective net emission reductions in developing countries. For example, it may be relatively inexpensive to pay these countries not to cut down carbon-absorbing forests. 78 The third reason is that imposing carbon restrictions only in developed countries would give a relative advantage to dirtier, unregulated industries in developing countries. This would in effect be subsidizing the growth of dirty industries, making regulation less effective. It would also make regulation less politically attractive for those developing countries that might be considering costly climate change controls.
Despite the importance of developing countries' involvement in an international climate agreement, absent subsidies or side payments, many, such as China and India, do not perceive it in their interest to sign an agreement today that would require them to take costly actions. major developing countries such as China and India may object to an agreement with required emission reductions is that it is likely to limit their development opportunities. They recognize that there is a critical relationship between energy use and growth, and they see reducing carbon dioxide emissions as raising the cost of doing business, and hence reducing their economic growth. 79 They are not willing to sacrifice growth today for the benefit of future generations, who can be expected to have greater economic resources. 80 The bottom line is that we should expect most major developing countries to refrain from entering into any binding agreements where they are expected to help shoulder a major portion of the bill.
The economics literature explores essentially four key ways to encourage such developing countries to participate in a binding agreement.
Let them do what they want:
Countries may announce policies or intentions, but these actions are not binding in a legal sense. If developing countries are allowed to do what they want, this has the advantage that they will comply with the agreement (by definition), but it has the distinct disadvantage that they may not do very much. 2. Ask them to join when they are richer: A variant of the first mechanism is to let developing countries do what they want until they get rich enough. Once the per capita income in a country exceeds a certain amount, they will be asked to make mandatory reductions in GHGs. A critical problem with this opt-in mechanism is that it is still voluntary -that is, there are no clear costs of non-compliance, and therefore it is not credible that they will join in the future. That, in turn, makes it less likely that OECD nations will make much investment in costly low carbon policies today or in the future. Even if a developing country says it will opt in when it is richer, there is no guarantee that it actually will fulfill its promise, nor are there ways to force it to do so. 3. Make it cheaper for them to participate or pay them to join: Some developing countries may feel that it would be unfair for them to pay for emissions control when the opportunity cost is higher for them -the same dollar, for example, goes a longer way toward improving life expectancy in India than in Europe. One solution is to lower their costs by offering technological transfers and providing them with a working market-based system for emissions control. The two may be connected. For example, suppose some countries impose a carbon tax. This could stimulate technological change that makes reducing emissions cheaper, which might induce more countries to participate. Another approach to improving technology is for a subset of countries to fund research and development efforts. I will argue 79 See, e.g., BRUCE BERKOWITZ, STRATEGIC ADVANTAGE: CHALLENGERS, COMPETITORS, AND THREATS TO AMERICA'S FUTURE 44 (2008). Berkowitz argues that there is a strong connection between energy utilization and output. Id. 80 See, e.g., Thomas C. Schelling, Some Economics of Global Warming, 82 AM. ECON. REV. 1, 11 (1992). Another reason developing countries may prefer not to be parties to an agreement is because it may give them a competitive advantage.
below that both a price-based approach and research and development should be pursued by those countries interested in doing so. However, countries should recognize that such an approach is not likely to increase the willingness of some developing countries to join treaties in the short run.
Some scholars have argued that cash or in-kind transfers may be necessary to induce participation. 81 There are at least three problems with this option. The first is that the side payments could be substantial. Jacoby et al. estimate that transfers from the developed world to developing countries would be on the order of $500 billion per year, reaching a total of $4 trillion by 2050. 82 The second is that side payments may be used to increase polluting activities in developing countries, and hence payments should be conditional and/or made in kind, preferably using climate-friendly technology. 83 Even so, side payments may not go for the intended purpose. There are many cases, for example, where development aid has not been fully allocated for its intended purpose as a result of corruption or mismanagement. Furthermore, even when it is allocated to the intended activity, it may not be spent effectively. A third problem in the case of ex ante lump sum side payments, at least from the standpoint of the donor countries, is that they may be used as strategic tools. Imagine, for example, that China is paid for the first decade to install nuclear plants instead of coal plants to increase its energy supply. China then could demand an exorbitant payment (at least from the viewpoint of the donor countries) to continue this strategy in the second decade. While such hold-up problems can be mitigated, they are a central feature of the climate problem, and may not easily be reduced at a reasonable cost. Large payments may also create perverse incentives for other countries that were initially willing to cooperate for free, thereby producing counterproductive results. 84 In-kind transfers can be built into a market scheme, but this may not make them any more palatable. For example, one suggestion put forth by India has been to allocate emission rights on a per capita basis, which may result in U.S. net transfers to foreign governments on the order of $141 billion a year. (1997) . 85 The estimates were made based on an assumption of $100 per ton of carbon emissions (in 2001 dollars) to keep per capita emissions at twenty-four tons per year and updated to 2007 dollars. Such a calculation is overestimated because it ignores the substitution effect, and [Vol. 33
One short-term way of addressing the side payment issue is to allow some developing countries to participate in a global trading system on a project-by-project basis. So, for example, a developed country might pay for preserving or planting a forest in a developing country that would serve as a store of CO 2 . This is the idea behind the Clean Development Mechanism ("CDM"). 86 It was developed as a way of helping Kyoto signatories reduce their costs of meeting CO 2 limits. A fundamental problem with project-by-project approaches is that they are susceptible to manipulation relatively easily. In particular, it is impossible to observe the actual impact on emissions of a particular project, even within a country. Suppose, for example, a forest is saved in one part of a country, but as a result, another forest not covered by the program was cut down elsewhere. The net result could be a wash for emissions, even though the project could narrowly be said to have reduced CO 2 by preserving the forest. It can also be fairly difficult to prove that the forest was not preserved for other economic or noneconomic reasons.
This problem is a familiar one to students of market-based environmental policy. It arose in the 1970s when the United States began implementing an "offset" policy. 87 While there are ways of addressing this problem, such programs are likely to have limited usefulness for actually making a serious dent in countrywide emissions. They may, however, help countries to build an institutional capability for seriously addressing the GHG problem down the road. 
Make them pay if they do not join:
Making developing countries pay may sound good on the surface, but this approach has problems. One potentially attractive form of negative incentive is to impose trade sanctions or tariffs on the carbon footprint of imports from countries that do not cooperate. In this way, industries in non-participating countries do not gain a cost advantage, and foreign governments are punished because they lose the potential revenue from taxes being extracted from their exports. There are three major problems with such sanctions or tariffs. First, it may not be easy to determine the carbon footprint of a large number of imports. The U.S. Commerce Department has a poor record in its ability to correctly estimate the production costs of foreign-made goods that compete with American because the carbon price may be too high. Richard N. goods. 89 Second, participating countries may stand to lose more from limiting free trade or even just threatening to do so than they stand to gain from a global climate treaty. For example, if a country is already expecting to reap very modest net benefits from imposing limits on greenhouse gases, sanctions could tip the decision from one of participating to one of not participating in such an agreement. Thus, sanctions may not represent a credible threat. 90 Third, sanctions may violate World Trade Organization ("WTO") principles.
91
Joseph Aldy, Peter Orszag, and Joseph Stiglitz suggest the use of much less costly social sanctions, which may include boycotting or disbarring uncooperative countries from international sporting events, encouraging domestic consumers to boycott their products, and barring their representatives from major seats in international organizations. 92 These actions, however, have costs of their own, as they may reduce international goodwill and will decrease the number of political instruments available to the sanctioning countries.
Although the preceding list has been written with respect to major developing countries, it applies to any country that does not believe it would be in its interest to sign an agreement. At this point, I am not aware that anyone has "solved" the problem of developing (or developed) country participation or the even harder problem of ensuring compliance. This is because they are hard problems. Compared to other international agreements like the Montreal Protocol, a carbon emissions-controlling treaty would be considerably more expensive -CO 2 , unlike halogenated hydrocarbons, is involved in most industrial processes, and there are fewer substitutes. 2007) . Some analysts have suggested targeted sanctions against particular countries, such as China. It is unlikely that such sanctions would work. China could simply divert some of its exports going to the United States to other countries. Then, other countries with similar products could export them to the United States. The point is that sanctions or tariffs would need to be fairly comprehensive to have a chance of working, and they would need to be imposed by a group of countries that represent a significant part of the world economy. Even with such an approach, there are likely to be serious economic risks associated with a move away from freer trade.
92 Joseph E. Aldy, Peter R. But if we find that it is going to be extremely difficult and/or expensive to bring rapidly growing developing countries -particularly the large emitters -into a meaningful climate agreement in the near future, then this has important policy consequences. First, we should not assume that these countries will join an agreement that would force them to depart significantly from their preferred growth strategies anytime soon. Indeed, the evidence strongly suggests that most of them will not, unless there is a substantial change in the way the climate change issue is viewed or in the cost of making emission reductions. 93 The best we may hope for is that these developing countries may lower carbon emissions voluntarily in ways that also benefit them, such as increasing energy efficiency or investing more in nuclear power. Second, if these countries do not join and other countries do limit their emissions, the carbon-intensive industries will be expected to move to the pollution havens (those countries without regulation), 94 and this economic and political problem should be taken into account in any policy analysis and modeling. Third, a critical factor that developed countries will want to consider in designing policies is how those policies will affect the probability that key developing countries, such as China and India, will agree to limit their GHG emissions later. Encouraging firms to export their pollution to these developing countries would increase the carbon intensity of their economies, making future treaty agreements more difficult to achieve. 95 The review in this Part strongly suggests that there are likely to be major problems in reducing global greenhouse gas emissions efficiently. These problems arise for at least two reasons. First, domestic energy politics will constrain the approaches that particular countries will take to reducing emissions. Second, it is highly unlikely that the major developing countries will do much for the foreseeable future, unless they receive substantial side payments, which is unlikely. 96 93 The United States may not be ready to make technological concessions either -President Bush recently rejected a climate fund proposal put forth by China that would allow developing countries to buy patent rights of climate-friendly technologies. 
IV. A UNITED STATES OR DEVELOPED COUNTRY POLICY THAT MAKES SENSE
This Part lays out a program that the United States, and possibly other developed countries, might consider in light of the difficulties discussed above. Before laying out what I see as key elements, I want to make a few remarks about the appropriate objective for climate policy. One objective might be to devise a set of policies that maximizes the difference between expected economic benefits and costs, taking into account the kinds of political realities that were noted in the preceding Part. In some cases, however, particularly where there is a non-trivial probability -perhaps unknownthat current climate policy could result in catastrophe some time down the road, perhaps much greater action is needed. 97 We do not have a clear sense of how large this probability may be, but the direction we should be moving in now is reasonably clear -we should be doing more. How much more action depends on assumptions about society's attitudes toward risks, the nature of the consequences, and their probabilities.
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For present purposes, this debate is not central, though I think it is very important for long-term policy. For example, if one believes that the probability of a catastrophe is high, and the costs of a catastrophe are enormous, there may be a rationale for throwing the "kitchen sink" at the problem. 99 For now, though, we have barely thrown anything at the problem, and the critical question facing politicians is what reasonable next steps in the real world might look like.
Let me begin with reducing emissions. The most important thing that the United States can do is to explore ways of bringing in a sizable coalition of countries over the medium and long term to actually reduce their GHG emissions. There is not one best way to accomplish this objective. Some argue for global agreements and others for bottom-up approaches. My own view is that international agreements are likely to be largely symbolic at this point in time, though developed countries may want to engage in agreements that limit emissions. Such agreements could help to establish a framework for reviewing progress on emission reductions and monitoring compliance with specific targets or goals. 97 (2007) . If the concern is with the upper tail of the distribution, there are at least two ways to reduce risks. One is to try to move the distribution to the left by engaging in a major mitigation initiative. This would be quite costly. A second way is to consider buying some time through geoengineering, which also has its risks.
My preferred solution or policy proposal for the United States has three components. First, the United States should put a modest price on carbon using some kind of market-based mechanism, such as a tax or marketable permits. Second, the United States should perform a serious reassessment of its research and development priorities. Third, the President of the United States should consider exercising greater leadership on climate change.
A. National Carbon Price
There are three reasons for putting a modest price on carbon. First, it shows the United States is serious about moving in the direction of reducing its own emissions. This, in itself, should stimulate cost-effective innovation, especially if the United States could credibly commit to such a program for the next decade or two. Second, a modest price can be implemented with the promise of higher prices in the future if other key countries agree to join an agreement (China, India, and so forth). This is what the EU has set out to do, by pledging to reduce GHG emissions by a total of thirty percent, up from its current target of twenty percent, if other countries join the efforts. 100 Third, because price mechanisms can be cost-effective if implemented judiciously, this is a good institutional framework to have in place to help insure relatively low-cost emission reductions over the longer term.
Economists like to argue about whether setting prices (read: taxes) or quantities (read: allowance trading regimes) is better. I think that the reality in the United States now is that politicians are not very comfortable with the word "tax," at least emission taxes. A courageous politician or president could propose a carbon tax that substituted for other less efficient taxes. I do not think that will happen any time soon.
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More likely, and still attractive, is a national emissions allowance trading regime, similar to the one we have for sulfur dioxide ("SO 2 "), where one allowance permits the emission of one ton of carbon or its equivalent.
102 A national carbon trading program, which could either add to or absorb current efforts, would strive to equalize the marginal costs of regional programs such as the Regional Greenhouse Gas Initiative and Western Climate Initiative, producing a relatively efficient outcome. If the United States implements such a regime for controlling GHGs, it is important to introduce a safety valve or price ceiling on the marginal cost of control, thus providing firms with more certainty. 103 100 Press Release, European Commission, supra note 6. 101 Taxes have the advantage of making the costs of addressing climate change more transparent. In that sense, the public is less likely to support a program it may not want. Taxes may also be less prone to unforeseen consequences, such as corruption. See, e.g., NORDHAUS, supra note 1, at 159-61. 102 The United States may be on the verge of passing legislation that would establish a national price for carbon emissions. Several pieces of legislation introduced in the last two years require carbon emissions to be priced by an allowance trading system. However, these proposed initiatives may prove to be quite expensive. According to projections from the Environmental Protection Agency, the Low Carbon Economy Act of 2007 would increase electricity bills by twenty percent and raise gasoline prices by $0.22 in 2030. A more recent bill, the Climate Security Act of 2008, imposes even more severe costs on the economy -electricity prices are expected to increase by forty-four percent and gas prices are projected to increase by $0.53 in 2030. 104 New legislation is not guaranteed. If Congress cannot pass new legislation, then the Clean Air Act could be used to regulate greenhouse gas emissions. 105 The problem with this approach is that the Act was not designed with the regulation of GHGs in mind. For example, using the Act to regulate GHGs could result in the regulation of very small sources of pollution such as schools and shopping malls. In addition, the Clean Air Act does not include a simple mechanism to ensure that emission reductions will be costeffective. Indeed, there is a distinct possibility that using the Act could result in a sector-by-sector approach to regulation that takes a long time to implement and is very wasteful. If the Clean Air Act were not used, the President could issue an executive order instructing federal agencies to use a shadow price for GHGs in their decision making.
106 This approach also suffers from the fact that it is piecemeal, and will only address sources covered by newly proposed regulations. Furthermore, it will be constrained by existing law.
One of the problems with the current crop of legislative proposals is that they may imply politically unacceptable price increases. If that is the case, setting a lower price for carbon by increasing the number of allowances available would be more palatable. Suppose, for the sake of illustration, that the number of allowances put on the market is chosen so that the 104 Over the long run, the economic costs are likely to rise. (2007) . 106 The shadow price for GHGs can be thought of as the marginal cost in damages of an additional ton of GHG emissions. [Vol. 33 price is about $15 per ton of carbon-equivalent. A safety valve could then be set at $20 per ton. 107 If the price of an allowance hit the safety valve price, then the U.S. government could simply sell allowances at that price. It is also reasonable to have a price floor to stimulate innovation in emissions reduction by assuring that reductions in greenhouse gas emissions will fetch a positive price. Perhaps the price of an allowance would not be allowed to fall below $10 per ton of carbon, with the government intervening on the buy side at that point. The price may increase in real terms over time to reflect the rising costs of climate change and the need to cut emissions more sharply in the future.
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In effect, the regime I am recommending is a mixed price-quantity system. 109 If the government does raise revenues by auctioning some or all of the allowances, it would be desirable for them to be spent wisely, but whether they will be is debatable, given the political pressures on spending newfound sources of revenue.
110 These pressures are likely to be even greater in the current financial climate, where a serious recession appears to be imminent.
The system I have in mind would steer away from mandated standards and subsidies. Neither of these tools is particularly well-suited for generating cost-effective innovation addressing the problem of climate change. Standards may be effective in limited situations where the technological solution is reasonably clear, but they are unlikely to result in major breakthroughs. 111 The regulator typically lacks the kind of information needed to set standards appropriately for forcing innovation. I would also suggest avoiding subsidies for particular fuels or technologies.
112 Unfortunately, . 108 The real rate of increase of the optimal tax would be around two or three percent per year. NORDHAUS, supra note 1, at 16. 109 Congress may be moving in this direction. The Energy Independence and Security Act, passed in 2007, introduces a host of new mandates, including higher Corporate Average Fuel Economy ("CAFE") standards affecting automobile energy efficiency and requiring fuel production to include at least thirty-six billion gallons of biofuels in 2022.
113 It remains to be seen how legislation that specifically targets climate change will be shaped, although it is very likely that command-and-control regulations will be an important part of it.
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A challenging feature of setting a national price, which would be better than pervasive command-and-control regulation, will be to create a stable long-term commitment. To reduce rent seeking and promote innovation, entrepreneurs need to face a stable set of prices over time, with fairly welldefined rules of the road. This can be done through careful legislative design -for example, designing a trading system with clear property rights over a decade or two. The idea would be to make it politically costly to reverse the legislation. 115 Of course, if the climate problem appears to get worse over time, that in itself will likely make it more difficult for politicians to reverse course. 116 The perceptive reader will note that my proposal could possibly increase net global greenhouse emissions in the short term, if firms move enough carbon-intensive activities to regions that are less regulated or not regulated at all. 117 The alternative of trying to bring many or most countries into a binding agreement now is likely to be unfeasible, in part because of 113 114 President Obama has proposed initiatives such as setting a national low carbon fuel standard and raising automobile energy efficiency by four percent per year. He also supports increasing the renewable share of electricity production to twenty-five percent, and has set a target of sixty billion gallons of biofuels production by 2030. These ideas bear some similarity in spirit to the European Commission's "20-20-20" proposal. Obama & Biden, supra note 7. However, these initiatives are likely to face significant practical obstacles. For example, there is a constraint on the amount of land available for large-scale solar installations, which may lead to competition with agricultural land use or destruction of pristine deserts. National Re- 115 It may be politically difficult for legislators to remove the tax once the revenue has been allocated to new spending. Therefore, a tax has the advantage of reinforcing the commitment to a national price. 116 Politicians and policymakers face a difficult tradeoff in trying to design a reasonably stable policy. Because climate change policy will likely have large impacts on society and economies, politicians will want to play a role in crafting and redesigning policies periodically. However, to achieve the kind of policies that yield substantial efficiencies, politicians may need to delegate many of the key decisions on science and economics to technocratic elites. 117 See supra note 94 for a discussion of carbon leakage.
the large economic transfers that would be needed to entice non-participating countries. In my view, pursuing this more limited approach is a price worth paying to begin building some of the needed institutions to address the problem. In particular, we will learn through experience how to better design market-based approaches for reducing greenhouse gases, and there may be the side-benefit of more rapid technological progress that makes an agreement with non-participating countries less costly and more likely in the future. Some may criticize a proposal for only setting a "modest" price on carbon. When one takes into account the politics, however, this is probably the best course. If the United States were to make deep cuts, it is by no means clear that other countries would follow suit. It is better, in my view, for the United States to make modest reductions in emissions and make its future decisions contingent on the actions taken by other countries to reduce emissions. If other major countries demonstrate through their actions that they will do more, then the United States can respond accordingly.
B. Climate R&D
The second element of my proposal would be a serious reassessment of climate research and development.
118 R&D can help address the climate change issue by stimulating the search for additional new technology to lower costs of emission control, thereby increasing the likely number of participants in a multi-country agreement; 119 improving our ability to adapt to climate change; improving our understanding of the climate issue through better science and economics; increasing our understanding of non-conventional approaches such as geoengineering; and improving our ability to address the problem through the design of better institutions to address the issue (e.g., by learning about how to better use market-based approaches for reducing net emissions, and making better use of carbon sinks such as forests and oceans).
The United States and other countries should move forward with basic and applied R&D because there is the potential for breakthroughs that could help break the political logjam, and also because the economic payoff could be high. A recent study by the National Academy of Sciences of six energy R&D programs found that five of the technological programs produced not only positive net economic benefits, but also environmental and security benefits. 120 nology R&D program, which will cost $567 million through 2012 to research, but is projected to yield $6-7 billion in economic benefits and reduce carbon emissions by 28 million tons and gasoline use by around 200 million barrels. 121 It is fashionable to call for a large increase in R&D funding. 122 The U.S. federal government currently spends on the order of $3 billion on climate change R&D, depending on what is counted. 123 That amount could increase under an Obama Administration. Such increases should only be made after carefully considering the likely returns from various R&D investments. Not all investments have been great successes. For example, the Synthetic Fuels Corporation established in 1980, which had a production target of 0.5 billion barrels a day, cost billions of federal dollars, only to dissolve in 1986 after predicting that oil prices would soar to $80 to $100 per barrel when they in fact fell to $20 per barrel. 124 A realistic approach to climate change requires a long-term stable commitment to R&D funding, especially given the long time scale of the problem. Without this commitment, both the public and private sectors will have a bias against long-term or risky but high-potential projects. 125 In R&D, there are likely to be many failures, and there should be. The government is not set up to deal with such failures, but needs to allow and encourage independent agencies to develop a portfolio of investments that encourage an appropriate level of risk taking. 126 That means that ex post R&D "failures" should not be prima facie grounds for reducing funding. 127 needed for fossil fuel generating plants, or a competitive source of electric power generation is needed with better emissions characteristics. 134 There is evidence suggesting that current expenditures on CCS projects may be too low, 135 partly due to the lack of commercial viability in the near term. 136 There are at least two good reasons to continue investing in CCS. First, facilities could benefit from improved efficiency and a fifty percent decrease in total costs from the demonstration phase to the commercial phase. 137 Second, coal, unlike oil, is produced by a large number of countries that are friendly to the United States, and incurs fewer security externalities. 138 Thus, a near-term R&D strategy should consider focusing on cost and safety improvements in CCS technologies. 139 There is also growing interest in technologies that remove carbon dioxide directly from the atmosphere, such as passing air through sodium hydroxide. 140 While the costs of "vacuuming" carbon dioxide from the atmosphere are currently high, they are comparable to the costs of CCS technologies. Moreover, they have some advantages because they can be located near storage areas. 141 They deserve some public support. Another potentially promising avenue that should be pursued is making nuclear power cheaper and safer. Nuclear power may be the only off-theshelf technology that that could compete with fossil fuels in terms of cost. A Massachusetts Institute of Technology ("MIT") cost analysis shows that nuclear power can match fossil energy prices if certain plausible cost improve-[Vol. 33 ments, such as a twenty-five percent decrease in construction costs, are made. 142 Thus, it probably makes sense to consider a large-scale R&D effort to improve nuclear technology.
Besides technical obstacles, nuclear energy faces political opposition. There is now at best a grudging acknowledgement on the part of some politicians that nuclear power should be considered at all. No construction permits for new nuclear power plants have been issued for thirty years, 143 although seventeen new applications since 2007 are currently under review; 144 in contrast, nuclear power capacity in France has grown rapidly during this period and now accounts for seventy-five percent of electricity generation. 145 The public is still very concerned about problems of waste disposal and the proliferation of nuclear weapons. 146 While the issues of waste disposal and weapons proliferation are unlikely to go away in the near future, they can be mitigated through changes in technology and management. 147 In addition to the financial incentives that are currently offered to "first mover" investors through the Energy Policy Act of 2005, 148 the government should signal its willingness to support the expansion of nuclear energy production by resolving the waste disposal problem and other institutional barriers to investment. 149 Because achieving a worldwide agreement on emissions is likely to be problematic, many countries are likely to turn to adaptation in lieu of mitigation. The U.S. Climate Change Science Program currently spends on the order of $160 million, or about fourteen percent of its budget, examining the sensitivity and adaptability of human and environmental systems. 150 More should be devoted to this area of research, and in addition, more attention needs to be paid to adaptation policy, which has historically underprepared for and overreacted to environmental disasters. 151 Another possibility is to focus more on geoengineering as a way of hedging against the lack of international mitigation efforts. The political, scientific, and economic dimensions of geoengineering need to be explored more carefully, given the likelihood that one or a small group of countries would embark on this path by itself.
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There are many types of geoengineering, and research should attempt to reduce key economic and scientific uncertainties and risks associated with different approaches. For example, if the world were to embark on a policy of solar radiation management, accomplished through injecting sulfate aerosol into the atmosphere, then that system would need to be monitored carefully to prevent sudden and rapid temperature increases. 153 We also need to know more about its limitations with regard to ocean acidification and the likelihood that the policy would lead to ozone depletion or other side effects.
Technological breakthroughs are key to encouraging countries, particularly developing countries, to reduce emissions. However, the road may not be easy because the diffusion of such breakthroughs cannot be taken for granted. Adapting new technologies in different areas will require not only substantial investment but also time.
Developing countries that stand to benefit less from emissions control also need to have the incentives and institutional capability to adopt the new technologies that may be made available to them. More research will be needed on ways to induce countries to participate in various agreements. For example, there is a need to work on a credible agreement on preserving or enhancing carbon sinks, and ideally connecting that agreement to one on emissions, so the incentives are aligned appropriately. For example, if technology evolves to the point where carbon dioxide can be removed from the atmosphere at a reasonable cost, such a strategy would need to be given adequate credit. Countries need to experiment with institutions that will be needed to manage a portfolio of solutions for addressing climate change over the longer term. 154 Climate R&D in many areas will be subject to great political pressures. Even without such pressures, it is difficult to design a reasonable R&D program that will help reduce emissions. A clear danger is that research and 151 development becomes politicized in much the same way that current United States energy policy is politicized (e.g., the support for corn-based ethanol). Avoiding politicization will not be easy, but can be aided with long-term funding from Congress, giving respected agencies such as the National Science Foundation considerable funding authority, and encouraging or providing peer review.
C. The Need for Political Leadership
A well-known problem with climate change is the "free rider" problem, whereby countries try to free ride on the actions of other countries -in this case, investments in greenhouse gas emissions reduction. Yet we already observe some developed countries willing to incur costs in the present even without the participation of key emitters. 155 These actions suggest that countries may be willing to do more than is dictated by narrow self-interest. Thus, while we should not lose sight of the fact that self-interest will likely be a major determinant of behavior, 156 we should not assume that countries will necessarily do what is only best for themselves.
Given this observation, a key element of a solution to the climate problem that has been noticeably absent is political leadership. This may be a strange claim given the willingness of politicians to claim credit for proposed actions on climate change. But I am talking about a different kind of leadership, the kind that was shown by Winston Churchill in World War II. What is needed is a political leader who will level with the nation and the world.
Here is an example of what he or she might say (in more colorful prose crafted by a speechwriter):
"Climate change is a serious problem. We are currently imposing unacceptable costs on future generations. The countries of the world need to respond, and respond quickly. You will be asked to make significant economic sacrifices that reflect the costs being imposed on future generations. Your sacrifice may not benefit you very much, but will very likely benefit future generations. "We will develop our strategy based on the best science and economics, and not on political correctness. If nuclear technology turns out to be safe and relatively inexpensive, we will use it. If injecting some chemicals in the ocean or the atmosphere will help delay the onset of warming, we will seriously consider that approach if it is thought to be safe and reliable. In short, we will consider using any and all approaches that pass an economic and scientific sniff test."
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To be sure, some politicians have made statements like this regarding regulation and climate change, 158 but none has taken what I would call a leadership role, especially while in office. In particular, none has made it clear that the approach will involve sacrifice and could be very costly. Adopting this position would likely entail significant risks, for it is not a message that the public will want to hear. Indeed, this helps to explain why many politicians perpetuate the myth that there is a large "free lunch out there," and that green jobs represent an attractive way to address the problem. Still, I believe a Nixon-goes-to-China strategy could work if tailored carefully and delivered by the right messenger.
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Researchers who advise politicians in such roles need to spell out what is needed and why, as well as the risks to the politician, who, of course, will be all too well aware of the downsides. But there is an upside for that unique politician as well. After most of the heroes and villains of World War II have faded from memory, Churchill still stands out for his role in saving the free world. 157 For an example of a presidential speech that promotes adaptation, see VICTOR, supra note 155, at 76-88. 158 See, e.g., Tony Blair, Prime Minister of the U.K., Address at the Institute of Public Policy Research: Future Challenges: Living with Risk (May 26, 2005) (transcript available at http://www.number10.gov.uk/Page7561).
159 I believe that President Obama faces a unique challenge and opportunity here. The challenge will be to avoid having climate policy (and energy policy more generally) get bogged down in traditional pork barrel politics. The opportunity for the President is to introduce a new, innovative approach to the climate problem based on sound economics and game theory. [Vol. 33 V. CONCLUSIONS AND FUTURE RESEARCH Economist William Nordhaus once observed that "the greenhouse effect is the granddaddy of public goods problems." 160 As with most things, he is correct. This Paper has tried to elaborate on one aspect of that problem that has received insufficient attention from policymakers and academics: the difficult politics of the situation.
I have argued that a global environmental agreement to curtail climate emissions, no matter how badly many might want one, is not in our nearterm future. That is an "inconvenient truth" that we ignore at our own peril. And it is just as inconvenient, from my perspective, as the very important truth for which Mr. Gore received the Nobel Prize, which is that climate change should be taken seriously.
The politics of climate change has some important implications. First, as noted, climate change policy is not going to be anywhere near economically efficient. Indeed, we cannot rule out the possibility that it may not make sense to reduce emissions now at a national level, though that is not my preferred option because I believe lowering GHG emissions now by relying on taxes or cap-and-trade could help stimulate needed innovation, which may reduce the reluctance of some developing nations to act.
Second, serious thought needs to be given to increasing the probability of reaching a successful agreement over time, if that is possible. I have argued, for example, that it makes sense for the United States to put a modest price on carbon at this time, but it does not make sense for the United States to make steep reductions in greenhouse gas emissions in the near term. Deep cuts only make sense if most or all of the world's countries are moving together toward a goal of reducing global emissions.
We should not lose sight of the fact that many countries will not find it in their narrow interests to participate in an agreement in the near term without receiving some kind of subsidies. Key levers for improving participation over time include an increasing world standard of living (think free trade) and lowering the costs of emissions reduction over time through judicious use of R&D and pricing of greenhouse gas emissions. In addition, public opinion could exert a great influence.
Third, because the mitigation option may not be effective or effective enough, we need to be carefully exploring other options. For example, it may be the case that adaptation is likely to be more efficient than reducing emissions, because adaptation will not typically require global cooperation. If that is the case, we may want to do more adaptation than a first-best solution would suggest and less mitigation. The point is we need to think hard about designing new policy solutions and how those solutions will actually be implemented. These include both geoengineering and adaptation. 160 William D. Nordhaus, Reflections on the Economics of Climate Change, J. ECON. PERSP., Fall 1993, at 11, 18.
